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Motat Oxide Dispersion 

Field of Invention 

5 The present invention relates to a dispersion of metal oxide particles, and in particular to the 
use thereof In a sunscreen product. 

Background 

10 Metal oxides such as titanium dioxide, zinc oxide and iron oxide have t>een employed as 
attenuators of ultraviolet light in sunscreens. Due to the increased awareness of the link 
between ultraviolet light and skin cancer, there has been an increasing requirement for 
ultraviolet light protection In everyday skincare and cosmetics products. There Is a need for a 
metal oxide In a form which when incorporated into sunscreen products exhibits effective UV 

15 absorption properties, be transparent in use, and have a pleasant skin feel. It is an extremely 
challenging problem to provide a product with all of these properties. There is a constant need 
in the market place to improve these properties, particularly transparency and skin feel. 

Summary of the Invention 

20 

We have now surprisingly discovered an improved metal oxide dispersion, which overcomes or 
significantly reduces at least one of the aforementioned problems. 

Accordingly, the present invention provides a dispersion comprising particles of metal oxide 
25 having a median volume particle diameter in the range from 24 to 42 nm, dispersed in a 

medium which comprises a mixture of at least one polar material having an interfadal tension 
of less than 30 mNm'^ and at least one nori-polar material having an Interfacial tension of 
greater than 30 mNm"V 

30 The present Invention also provides a dispersion comprising particles of metal oxkJe having a 
median volume particle diameter in the range from 24 to 42 nm, dispersed in a medium which 
comprises a mixture of (i) at least one polar material selected from the group consisting of, 
CI 2-1 5 alkyi benzoate, capryllc/capric triglyceride, cetearyl isononanoate, ethylhexyl 
isostearate. ethylhexyl palmitate. isononyl isononanoate, isopropyl Isostearate, isopropyl 

35 myristate, isostearyl isostearate, isostearyl neopentanoate, octyldodecanol, pentaerythrityi 

tetraisostearate, PPG-15 stearyl ether, triethylhexyl triglyceride, dicaprylyl cart>onate, ethylhexyl 
stearate, helianthus annus (sunflower) seed oil, isopropyl palmitate, and octyldodecyl 
neopentanoate, and (ii) at least one non-polar material selected from the group consisting of, 
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C13-14 Isoparaffin. isohexadecane, paraffinum liquidum (mineral oil), squalane. squalene. 
hydrogenated potyisobutene. and polydecene. 

The present invention further provides a sunscreen product formed from a dispersion 
6 comprising particles of metal oxide having a median volume partide diameter In the range 
from 24 to 42 nm, dispersed in a medium which comprises a mixture of at least one polar 
material having an interfactal tension of less than 30 mNm"'' and at least one non-polar 
material having an interfacial tension of greater than 30 mNm'\ 

10 The present invention further provides a sunscreen product comprising particles of metal oxide 
having a median volume particle diameter in the range from 24 to 42 nm, and (I) at least one 

polar material sel ected from the g roup consisti n g of a r e trie th ythex yt triglyceride, CI 2-1 5 afkyi 

benzoate. caprylic/capric triglyceride, isononyl isononanoate, isostearyl neopentanoate, and 
octyldodecyl neopentanoate, and (ii) at least one non-polar material selected from the group 

1 5 consisting of isohexadecane. hydrogenated potyisobutene, and squalane. 

The invention yet further provides the use of a dispersion comprising particles of metal oxide 
having a median volume particle diameter in the range from 24 to 42 nm, dispersed in a 
medium which comprises a mixture of at least one polar material having an Interfacial tension 
20 of less than 30 mNm'^ and at least one non-polar material having an interfacial tension of 
greater than 30 mNm*\ to produce a sunscreen having improved skin feel. 

The invention still further provides the use of a dispersion comprising particles of metal oxide 
having a median volume particle diameter in the range from 24 to 42 nm, dispersed in a 
25 medium which comprises a mixture of at least one polar material having an interfacial tension 
of less than 30 mNm'^ and at least one non-polar material having an interfacial tension of 
greater than 30 mNm"\ in the manufacture of a transparent sunscreen having improved skin 
feeL 

30 Preferably the metal oxide used in the present Invention comprises an oxide of titanium, zinc or 
iron, and most preferably the metal oxide is titanium dioxide. 

The preferred titanium dioxide particles comprise anatase and/or rutlle crystal form. The 
titanium dioxide In the parttoles preferably comprises a major portion of rutile. more preferably 
35 greater than 60% by weight, particulariy greater than 70%. and especially greater than 80% by 
weight of rutlle. The titanium dioxide in the particles preferably comprises In the range from 
0.01 to 5%, more preferably 0.1 to 2%, and particulariy 0.2 to 0.5% by weight of anatase. In 
addition, the titanium dtoxide in the particles preferably comprises less than 40%, more 
preferably less than 30%, and particulariy less than 25% by weight of amorphous titanium 
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dioxide. The basic particles may be prepared by starKlard procedures, such as using the 
chloride process, or by the sulphate process, or by hydrolysis of an appropriate titanium 
compound such as titanium oxydlchloride or an organic or inorganic titanate, or by oxidation of 
an oxldtsable titanium compound, e.g. in the vapour state. The titanium dioxide particles are 
5 preferat>ly prepared by the hydrolysis of a titanium compound, particularly of titanium 
oxydichlorlde. 

The particles of metal oxide used in the present invention are preferably hydrophobic. The 
hydrophobicity of the metal oxide can be determined by pressing a disc of metal oxide powder. 
10 and measuring the contact angle of a drop of water placed thereon, by standard techniques 
known in the art. The contact angle of a hydrophobic metal oxide is preferably greater than 
50'. 

The metal oxide particles are preferably coated in order to render them hydrophobic. Suitable 

IS coating materials are water-repellent, preferably organic, and include fatty acids, preferably 
fatty acids containing 10 to 20 carbon atoms, such as lauric acid, stearic acid and isostearic 
acid, salts of the above fatty acids such as sodium salts and aluminium salts, fatty alcohols, 
such as stearyl alcohol, and silicones such as polydimethylsiloxane and substituted 
polydimethylsiloxanes, and reactive silicones such as methylhydrosiloxane and polymers and 

20 copolymers thereof. Stearic acid and/or salt thereof is particulariy preferred. The organic 
coating may be applied using any conventional process. Typically, metal oxide particles are 
dispersed in water and heated to a temperature in the range 50^C to 80**C. A fatty acid, for 
example, is then deposited on the metal oxide particles by adding a salt of the fatty add (e.g. 
sodium stearate) to the dispersion, followed by an acid. Alternatively, the metal oxide particles 

25 can be mixed with a solution of the water-repellent material in an organic solvent, followed by 
evaporation of the solvent. In an alternative embodiment of the invention, the water-repellant 
material can be added directly to the composition according to the present Invention, during 
preparation thereof, such that the hydrophobic coating is formed in situ. Generally, the 
particles are treated with up to 25%. more preferably in the range from 3% to 20%, particulariy 

30 6% to 1 7%, and especially 1 0% to 1 5% by weight of organic material, preferably fatty ackJ. 
calculated vAth respect to the metal oxide core particles. 

Alternatively or additionally, the particles of metal oxide may have an inorganic coating. For 
example, metal oxide particles, such as titanium dioxide, may t>e coated with oxides of other 
35 elements such as oxides of aluminium, zirconium or silicon, or mixtures thereof such as 

alumina and silica as disclosed in GB-22050B8-A, the teaching of which is Incorporated herein 
by reference. The preferred amount of inorganic coating Is In the range from 2% to 25%, more 
preferably 4% to 20%. particulariy 6% to 1 5%, and especially 8% to 1 2% by weight, calculated 
with respect to the weight of metal oxide core particles. The inorganic coating may be applied 
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using techniques known in the art. A typicai process comprises forming an aqueous 
dispersion of metat oxide particles in the presence of a solut>le salt of the ir>organic element 
whose oxide will form the coating. This dispersion is usually acidic or basic, depending upon 
the nature of the salt chosen, and precipitation of the inorganic oxide is achieved by adjusting 
5 the pH of the dispersion by the addition of acid or alkali, as appropriate. 

In a preferred embodiment of the invention, the metal oxide parttoles are coated with both an 
inorganic and an organic coating, either sequentially or as a mixture. It is preferred that the 
inorganic coating, preferably alumina, is applied first followed by the organic coating, preferably 

10 fatty acid and/or salt thereof. Thus, preferred metal oxide particles for use in the present 

invention comprise (i) in the nange from 60% to 98%. more preferably 65% to 95%. particulariy 
70% to 80%, and especially 72% to 78% by weight of metal oxide, preferably titanium dioxide, 
with respect to the total weight of the particles, (li) in the range from 0.5% to 15%, more 
preferably 2% to 12%, particularly 5% to 10%. and espedally 6% to 9% by weight of inorganrc 

15 coating, preferably alumina, with respect to the total weight of the partkdes, arxJ (ill) In the 

range from 1% to 21%, more preferably 4% to 18%, particularly 7% to 15%. and especially 9% 
to 12% by weight of organk; coating, preferably fatty acid and/or salt thereof, with respect to the 
total weight of the particles. Such metal oxMe particles provide a surprising combination of 
both Improved photostabllity and dispersibillty. 

20 

The individual or primary metal oxide particles are preferably acicular in shape and have a long 
axis (maximum dimension or length) and short axis (minimum dimensk>n or width). The third 
axis of the particles (or depth) Is preferably approximately the same dimensions as the width. 
The mean length by number of the primary metal oxWe partteies is suitably In the range from 

25 50 to 90 nm. preferably 55 to 77 nm, more preferably 55 to 73 nm. partk^ularly 60 to 70 nm. 

and especially 60 to 65 nm. The mean vwdth by numl>er of the particles is suitably In the range 
from 5 to 20 nm, preferably 8 to 10 nm. more preferably 10 to 18 nm, particularly 12 to 17 nm, 
and especially 14 to 16 nm. The primary titanium dioxide particles preferably have a mean 
aspect ratio d-|:d2 (where d^ and d2, respectively, are the length and width of the particle) in 

30 the range from 2.0 to 8.0:1 , more preferably 3.0 to 6.5:1 . particularly 4.0 to 6.0:1 , and 

especially 4.5 to 5.5:1 . The size of the primary particles can be suitably measured using 
electron mk^roscopy. The size of a particle can be determined by measuring the length and 
width of a filler particle selected from a photographs image obtained by using a transmisston 
electron microscope. 

35 

The metal oxide particles suitably have a mean crystal size (measured by X-ray dIffracOon as 
herein described) in the range from 4 to 10 nm. preferably 5 to 0 nm. more preferably 5.5 to 
8.5 nm, partteulariy 6 to 8 nm, and especially 6.5 to 7.5 nm. 



' wo 2005/089704 PCT/GB2005/000847 

5 

The size distribution of the crystal size of the metal oxide particles can be important, and 
suitably at least 30%, preferably at least 40%. more preferably at least 60%, parttcularty at 
least 60%. and especially at least 70% by weight of the metal oxide particles have a crystal 
size within one or more of the atK>ve preferred ranges for the mean crystal size. 

5 

When formed into a dispersion according to the present invention, the particulate metal oxide 
suitably has a median volume particle diameter (equivalent spherical diameter conresponding 
to 60% of the volume of all the particles, read on the cumulative distritHJtlon curve relating 
volume % to the diameter of the particles - often refen-ed to as the "D(v.0.5)- value)) 
10 (hereinafter referred to as dispersion particle size), measured as herein described, in the range 
from 24 to 42 nm, preferably 27 to 39 nm, more preferably 29 to 37 nm, parttcularty 31 to 35 
nm. and especially 32 to 34 nm. 



The size distribution of the metal oxide particles in dispersion can also be an important 
15 parameter in obtaining, for example, a sunscreen product having the required properties. In a 
preferred embodiment suitably less than 10% by volume of metal oxide particles have a 
volume diameter of less than 13 nm. preferably less than 1 1 nm, more preferably less than 10 
nm. particulariy less than 9 nm, and especially less than 8 nm below the median volume 
particle diameter. In addition, suitably less than 16% by volume of metal oxide particles have a 
20 volume diameter of less than 1 1 nm. preferably less than 9 nm. more preferably less than 8 
nm, particularly less than 7 nm, and especially less than 6 nm t>elow the median volume 
particle diameter. Further, suitably less than 30% by volume of metal oxide particles have a 
volume diameter of less than 7 nm, preferably less than 6 nm, more preferably less than 5 nm, 
particulariy less than 4 nm, and especially less than 3 nm below the median volume particle 
25 diameter. 

Also, suitably more than 90% by volume of metal oxide particles have a volume diameter of 
less than 30 nm, preferably less than 27 nm. more preferably less than 25 nm. particulariy less 
than 23 nm. and especially less than 21 nm above the median volume particle diameter. In 

30 addition, suitably more than 84% by volume of metal oxide particles have a volume diameter of 
less than 19 nm, preferably less than 18 nm. more preferably less than 17 nm, particulariy less 
than 16 nm, and especially less than 15 nm at>ove the median volume particle diameter. 
Further, suitably more than 70% by volume of metal oxide particles have a volume diameter of 
less than 8 nm. preferably less than 7 nm, more preferably less than 6 nm, particulariy less 

35 than 5 nm, and especially less than 4 nm at>ove the median volume particle diameter. 



Dispersion particle size of the metal oxide particles described herein may be measured by 
electron microscope, coulter counter, sedimentation analysis arnJ static or dynamic light 
scattering. Techniques based on sedimentation analysis are preferred. The median particle 



wo 



2005/089704 



6 



PCT/GB2005/000847 



size may be determined by plotting a cumulative distribution cun^e representing the percentage 
of particle volume t>e<ow chosen particle sizes and measuring the 50th percentile. The median 
particle volume diameter an6 particle size distritHJtion of the metal oxide particles in dispersion 
is suitably measured using a Brookhaven partide slzer. as descrit>ed herein. 

5 

In a particularly preferred embodiment of the invention, the metal oxide particles have a BET 
specific surface area, measured as described herein, of greater than 40, more preferably In the 
range from 50 to 100, particularly 60 to 90, and especially 65 to 75 m^/g. 

10 The metal oxide partides used in the present invention exhibit improved transparency suitably 
having an extinction coefficient at 524 nm (E524). measured as herein described, In the range 
from^0.4jo 1 .2. preferably 0.5 to 1.1 . more preferably 0.6 to 1 .0, particularly 0.7 to 0.9, and 
especially 0.75 to 0.85 l/g/cm. In addition, the metal oxide partides suitably have an extinction 
coefficient at 450 nm (E450). measured as herein descrit>ed, in the range from 0.8 to 2.2, 

1 5 preferably 1 .0 to 2.0, more preferably 1 .2 to 1 .8, particularly 1 .3 to 1 .7, and espedally 1 .4 to 1 .6 
l/g/cm. 

The metal oxide piartides exhibit effective UV absorption, suitably having an extinction 
coefficient at 360 nm (E360), measured as herein described, in the range from 5 to 1 1 , 
20 preferably 6 to 10, more preferably 6.5 to 9.5, particulariy 7 to 9. and espedally 7.5 to 8.5 

l/g/cm. The metal oxide particles also suitably have an extinction coeffident at 308 nm (Eaoa). 
measured as herein described, in the range from 40 to 52, preferably 42 to 50, more preferably 
43 to 49, particularly 44 to 48, and especially 45 to 46 l/g/cm. 

25 The metal oxide partides suitably have a maximum extinction coeffident E(max), measured as 
herein described, in the range from 57 to 70, preferably 58 to 68, more preferably 59 to 66. 
particularly 60 to 64, and espedally 61 to 62 l/g/cm. The metal oxide partides suitably have a 
Mmax). measured as herein described, in the range from 270 to 286, preferably 272 to 284. 
more preferably 274 to 282, particulariy 276 to 280, and especially 277 to 278 nm. 

30 

The metal oxide partides suitably exhibit reduced whiteness, preferably having a change in 
whiteness AL of a sunscreen product containing the particles, measured as herein described, 
of less than 3, more preferably in the range from 0.5 to 2.5. and particulariy 1.0 to 2.0. in 
addition, a sunscreen product containing the partides preferably has a whiteness index, 
35 measured as herein described, of less than 100%, more preferably in the range from 10% to 
80%, particularly 20% to 60%. and especially 30% to 50%. 
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The metal oxide particles suitably liave reduced photogreying, preferably having a 
photogreying index, measured as herein described, of less than 15. more preferably in the 
range from 1 to 10, particularly 2 to 7, and especially 3 to 5. 

5 In a dispersion according to the present invention, the metal oxide particles are stable to 

aggregation. The metal oxide particles in the dispersion are relatively uniformly dispersed and 
resistant to settling out on standing, but if some settling out does occur, the particles can be 
easily redispersed by simple agitation. 

10 The dispersing medium used in the present invention preferably comprises a mixture of at 

least one organic polar material having an interfacla! tension compared to water of less than 30 
mNm'^ and at least one organic non-polar material having an interfacial tension of greater than 
30 mNm V The polar material suitably has an interfacial tension compared to water in ttie 
range from 5 to 27. preferably 15 to 25. more preferably 19 to 24, particulariy 21 to 23, and 

1 5 especially 21 .5 to 22.5 mNm*^ . The non-polar material suitably has an interfacial tension in 
the range from 33 to 50, preferably 35 to 45. more preferably 36 to 43. particulariy 37 to 40, 
and especially 38 to 39 mNm'V 

The difference in the interfacial tension of the least one polar material and the least one non- 
20 polar material in a dispersion according to the present invention is suitably in the range from 5 
to 35. preferably 10 to 25 more preferably 13 to 20, particulariy 15 to 18, and especially 16 to 
17 mNm'\ The dispersing medium as a whole (i.e. mixture of polar and non-polar material) 
suitably has an interfacial tension in the range from 23 to 35. preferably 24 to 31, more 
preferably 25 to 29, particulariy 25.5 to 28, and especially 26 to 27 mNm'\ 

25 

The ratio of polar to non-polar dispersing medium present in the dispersion Is suitably in the 
range from 10 to 90:10 to 90. preferably 20 to 80:20 to 80, more preferably 30 to 70:30 to 70, 
particularly 40 to 60:40 to 60, and especially 45 to 55:45 to 55% by weight. 

30 Suitable polar materials comprise, or are selected from the group consisting of, 

CI 2-1 5 alkyi benzoate, caprylic/capric triglyceride, cetearyl isononanoate, ethylhexyl 
isostearate, ethylhexyl palmitate. isononyt isononanoate. Isopropyl isostearate, isopropyl 
myristate. isostearyl isostearate, isostearyl neopentanoate, octyldodecanol. pentaerythrityl 
tetraisostearate. PPG-15 stearyl ether, triethylhexyl triglyceride, dicaprylyl carbonate, ethylhexyl 

35 stearate. helianthus annus (sunflower) seed oil. isopropyl palmitate. and octyldodecyl 

neopentanoate. Preferred polar materials are triethylhexyl triglyceride, CI 2-1 5 alkyI l>enzoate. 
caprylic/capric triglyceride, isononyl isononanoate. isostearyl neopentanoate. and octyldodecyl 
neopentanoate. and particulariy preferred Is triethylhexyl triglyceride. 
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Suitable non-polar nnateriais comprise, or are selected from the group consisting of, 
C13-14 isoparafTin, isohexadecane, paraffinum tlquidum (mineral oil), squalane, squalene, 
hydrogenated polyisobutene, and polydecene. Preferred non-polar materials are 
isohexadecane, hydrogenated polyisobutene, and squalane, and particularly preferred is 
5 isohexadecane. 

The dispersion according to the present invention may also contain a dispersing agent in order 
to improve the properties thereof. The dispersing agent is suitably present in the range from 
1% to 30%, preferably 2 to 20%. more preferably 3% to 10%, particularly 4 to 8%. and 
10 especially 5% to 7% by weight based on the total weight of metal oxide particles. 

Suitable dispersing agents include substituted carboxyiic acids, soap bases and polyhydroxy 
acids. Typically the dispersing agent can be one having a formula X.CO.AR in which A is a 
divalent bridging group, R is a primary secondary or tertiary amino group or a salt thereof with 

15 an acid or a quaternary ammonium salt group and X Is the residue of a polyester chain which 
together vi^th the -CO- group is derived from a hydroxy carboxyiic acid of the formula HOR - 
COOH. As examples of typical dispersing agents are those based on riclrK>leic acid, 
hydroxystearic acid, hydrogenated castor oil fatty acid which contains In addition to 12- 
hydroxystearic acid small amounts of stearic acid and palmitic acid. Dispersing agents based 

20 on one or more polyesters or salts of a hydroxycarboxyllc acid and a carboxyiic acid free 

of hydroxy groups can also l>e used. Compounds of various molecular weights can be used. 
Other suitable dispersing agents are those monoesters of fatty acid alkanolamldes and 
carboxyiic acids and their salts. Alkanolamldes are based on ethanolamine, propanolamlne or 
aminoethyl ethanolamine for example. Alternative dispersing agents are those based on 

25 polymers or copolymers of acrylic or methacrylic acids, e.g. block copolymers of such 

monomers. Other dispersing agents of similar general form are those having epoxy groups in 
the constituent radicals such as those based on the ethoxylated phosphate esters. The 
dispersing agent can be one of those commercially referred to as a hyper dispersant. 
Polyhydroxystearic acid is a particularly preferred dispersing agent. 

30 

An advantage of the present invention is that dispersions can be produced whtoh contain at 
least 35, preferably at least 40, more preferably at least 45, particularly at least SO, especially 
at least 55. and generally up to 60% by weight of the total weight of the disperston. of metal 
oxkle particles. 

35 

The dispersions according to the present invention exhibit improved skin feel particularly when 
used to produce sunscreen products. Conventional sunscreen products exhibit a "greasy^ 
afterfeel on the skin. Dispersions and sunscreen products according to the present inventton 
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surprisingly have improved skin feet, measured as herein described, for example conferring a 
significantly less greasy afterfeei. 



A composition, preferably a sunscreen product, containing the dispersion of metal oxide 
5 particles defined herein suitably has a Sun Protection Factor (SPF), measured as herein 
described, of greater than 10, preferably greater than IS, more preferat>ly greater than 20, 
particularly greater than 25, and especially greater than 30 and up to 40. 



The dispersions of the present invention are useful as Ingredients for preparing sunscreen 

10 compositions, especially in the form of emulsions. The compositions may further contain 
conventional additives suitable for use in the intended application, such as conventional 
cosmetic Ingredients used In sunscreens. The particulate metal oxide as defined herein, may 
provide the only ultraviolet light attenuators in a sunscreen product according to the invention, 
but other sunscreening agents, such as other metal oxides and/or other organic materials may 

15 also t>e added. For example, the preferred titanium dioxide particles defined herein may t>e 
used in combination with other existing commercially available titanium dioxide and/or zinc 
oxide sunscreens. Suitable organic sunscreens for use with a composition according to the 
invention Include p-methoxy cinnamic acid esters, salicylic acid esters, p-amino k)enzoic acid 
esters, non-sulphonated t>enzophenone derivatives, derivatives of dibenzoyi methane and 

20 esters of 2-cyanoacrylic acid. Specific examples of useful organic sunscreens include 

benzophenone-1 , t>enzophenone-2, benzophenone-3, benzophenone-6, benzophenone-8. 
benzophenone-12, isopropyl dibenzoyi methane, butyl methoxy dibenzoyi methane, ethyl 
dihydroxypropyl PABA, glyceryl PABA, octyl dimethyl PABA, oclyl methoxycinnamate. 
homosalate, octyl salicylate, octyl triazone, octocryiene, etocrylene. menthy! anthranitate, and 

25 4-methyibenzylidene camphor. 

In this s|>ecffication the following test methods have been used: 



1 ) Crystal Size Measurement of Metal Oxide Particles 

30 Crystal size was measured by X-ray diffraction (XRD) line broadening. Diffraction patterns 

were measured vAth Cu Ko radiation in a Siemens DSOOO diffractometer equipped with a Sol-X 
energy dispersive detector acting as a monochromator. Programmable slits were used to 
measure diffraction from a 12 mm length of specimen with a step size of 0.02*" and step 
counting time of 3 sec. The data was analysed by fitting the diffraction pattern between 22 and 

35 48*" 28 wth a set of peaks corresponding to the reflection positions for rutile and. where 

anatase was present, an additional set of peaks corresponding to those reflections. The fitting 
process allowed for removal of the effects of instrument broadening on the diffraction line 
shapes. The value of the weight average mean crystal size was determined for the rutile 110 
reflection (at approximately 27.4*" 26) based on its integral breadth according to the principles 
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of the method of Stokes and Wilson (B. E. Warren, "X-Ray DiffracUon", Addlson-Wesley, 
Reading. Massachusetts, 1969. pp 254-257). 



2) Median Partide Volume Dianneter and Particle Size Distribution of Me tal Oxide PartideSJn 
5 Dispersion 

A dispersion of metal oxide particles was produced by mixing 6 g of polyhydroxystearic acid 
with 47 g of triethylhexyl triglyceride and 47 g of isohexadecane, and then adding 100 g of 
metal oxide into the solution. The mixture was passed through a horizontal bead mill, 
operating at approximately 2100 r.p.m. and containing zirconia beads as grinding media for 15 
10 minutes. The dispersion of metal oxide particles was diluted to between 30 and 40 g/l by 

mixing with isopropyl myristate. The diluted sample was ar^lysed on the Brookhaven BI-XDC 
particle sizer in centrifugation mode, and the median particle volume diameter and particle size 
distribution measured. 

15 3^ BET Specific Surface Area of Metal Oxide Particles 

The single point BET specific surface area was measured using a Mlcromeritics Flowsorb II 
2300. 



4) Change in Whiteness and Whiteness index 

20 A sunscreen formulation was coated on to the surface of a glossy black card and drawn down 
using a No 2 K bar to form a film of 1 2 jim wet thickness. The film was allowed to dry at room 
temperature for 10 minutes and the whiteness of the coating on the black surface (U) 
measured using a Minolta CR300 colourimeter. The change in whiteness AL was calculated 
by subtracting the whiteness of the substrate (Ls) from the whiteness of the coating (U). The 

25 whiteness index is the percentage change in whiteness AL compared to a standard titanium 
dtoxMe (= 100% value) (Tayca MT100T (ex Tayca Corporation)). 

PhotOQrevinQ Index 

A metal oxide dispersion (15% by weight of metal oxide particles in CI 2-1 5 alkyi benzoate) 
30 was placed inside a 6 cm x 3 cm acrylic cell (containing a 2 cm x 1 .5 cm space), and the cell 
made air tight by clamping a glass slide over the top, ensuring that no air bubbles were 
present. The initial whiteness (L|) was measured using a Minolta CR300 colourimeter. The 
cell was then placed on a turntable revolving at 30 rpm and exposed to UV light for 2 hours (a 
UV lamp containing 4 TL29D, 16/09 tubes mounted 12 cm from the cell), and the whiteness 
35 (Lt) remeasured. The photogreying index AL = Li - Lt- 



e) Sun Protection Factor 

The Sun Protection Factor (SPF) of a sunscreen formulation was detenmined using the in vitro 
method of DIffey and Robson, J. Soc. Cosmet. Chem. Vol. 40. pp 127-133.1989, 
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7) Extinction Coefficients 

0.1 g sample of a metal oxide disperson was diluted with 100 ml of cyclohexane. This diluted 
sample was then further diluted with cyclohexane in the ratio samptercyclohexane of 1 :19. The 
total dilution was 1 :20.000. The diluted sample was then placed in a spectrophotometer 
5 (Perkin-Elmer Lambda 2 UVA/IS Spectrophotometer) with a 1 cm path length and the 

absorbaru^e, of UV and visible light measured. Extinction coefficients were calculated from the 
equation A=E.c.l, where A-absorbance, E^xtlnction coefficient in litres per gram per cm, 
c=concentration in grams per litre, and l-path length in cm. 

10 8) Interfaciai Tension 

Interfacial Tension t>etween the polar or non-polar dispersing medium and water was 
measured by the Du Nuoy Ring method at 25'*C. 

9) Skin Feel 

15 Slcin feel was measured by trained assessors, using a protocol in which test samples were 
assigned % numerical scores for a series of sensory attributes. 2 ml of a metal oxide 
dispersion or sunscreen emulsion were spread over a circular area, approximately 5 cm in 
diameter, on the inner forearm. After spreading, the afterfeel (immediate and after 20 minutes) 
of the test sample on the skin was characterized In the following terms:- % "oil/* skin feel; % 

20 "wax/ skin feel; % "greas/ skin feel; and % "silicone-like" skin feel. 

The invention is illustrated by the following non-limiting examples. 
Examples 

25 

Example 1 

1 mole of titanium oxydichloride in acidic solution was reacted with 3 moles of NaOH in 
aqueous solution. After the initial reaction period, the temperature was increased to above 
70*^0. and stirring continued. The reaction mixture was neutralised by the addition of aqueous 

30 NaOIH, and allowed to cool below 70^C. An alkaline solution of sodium aluminate was then 

added, equivalent to 10.5% by weight AI203 on Ti02 weight. The temperature was maintained 
t>elow 70''C during the addition. The temperature was increased to above 70''C, arxl sodium 
stearate equivalent to 13.5% by weight sodium stearate on weight of Ti02 was added. The 
dispersk>n was neutralised by adding hydrochloric acid solution. The resultant slurry was 

35 filtered, washed with deminerafised water, dried in an oven, and then microputverised to 
produce particulate titanium dioxide. 

A dispersion was produced by mixing 6 g of polyhydroxystearic acid with 47 g of triethyfhexyl 
triglyceride and 47 g of isohexadecane, and then adding 100 g of titanium dioxkle produced 
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above Into the sotution. The mixture was passed through a horizontal t>ead mill, operating at 
approximately 2100 r.p.m. and containing zirconia beads as grinding media for 15 minutes. 

The dispersion was subjected to the test procedures described herein, and the titanium dioxide 
5 exhibited the following properties: 

I) Mean crystal size = 7 nm, 

ii) Median volume particle diameter = 33 nm, 

10 16% by volume of parttdes have a volume diameter of 8 nm t>elow the median volume 

particle diameter. 

30% by volume of particles have a volume diameter of 4.5 nm below the median volume 
particle diameter, 

70% by volume of particles have a volume diameter of 6 nm above the median volume 
1 5 particle diameter, 

84% by volume of particles have a volume diameter of 15 nm above the median volume 
particle diameter, 

iii) Extinction Coefficients; 

20 

E524 E4S0 Eao8 Eaeo E(max) Mffiay,) 

0.8 1.5 45.1 7.1 61.4 277 

Example Z 

25 The titanium dioxide dispersion produced in Example 1 Vkfas used to prepare a sunscreen 
product having the following composition. 

% w/w 



Phase A: 

ARLACEL PI 35 (ex Unlqema) 2.0 

30 ESTOL1S12(exUniqema) 16.7 

Candelitia Wax (ex Eggar&Co Chemicals Ltd) 1 .0 

Titanium Dioxide dispersion produced at>ove 1S.0 

PRiCERIlsjE 0091 (ex Unlqema) 4.0 

35 MagneslLtm Sulfate 0.7 

Demineralised Water 60*1 
Phase C: 

Germat>en 11 6.5 
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The ingredients of oil phase A were mixed and heated to 75-60X. The Ingredients of aqueous 
phase B were mixed and heated to 75-80''C, and slowly added to phase A with intensive 
mixing, followed by stimng with a Silverson mixer for 2 minutes. The mixture was cooled to 
45*C with Intensive stimng. and the preservative phase C added. The mixture was further 
5 cooled to room temperature with stirring. 



The sunscreen product was subjected to the test procedures described herein and exhibited 
the following properties: 

10 i) Greasy Skin Feel 30% immediate (43% for conventional sunscreen) 

38% after 20 minutes (47% for conventional sunscreen) 



ii) Whiteness AL 1.1 

Whiteness Index 39% 

15 

ill) SPF 25 



The above examples illustrate the improved properties of a dispersion and sunscreen product 
according to the present invention. 

20 
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